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. Nanoparticle biodistribution literature survey. A brief literature survey was conducted to investigate the effects of nanoparticle size and opsonization potential on biodistribution. Papers which studied nanoparticle biodistribution without the use of molecular targeting moieties were selected. Studies performed in diseased animals were excluded in order to determine biodistribution in healthy, uncompromised mice or rats. Only nanoparticles administered intravenously were included. The nanoparticle diameter, surface functionalization, and primary site of localization were recorded from each paper. Of papers containing many nanoparticles with minor size iterations, one representative particle was chosen. The opsonization potential of each particle was assigned a score with 1 being the most opsonizing and 5 being the least opsonizing. Category binning was performed as follows: 1-PLGA or gold particles with no coating; 2-Relatively opsonizing proteins, small molecule labels, or polymers (as described in the reference); 3-Relatively non-opsonizing protein or polymer (as described in the original manuscript); 4-PEG-coated particles with surface charge -15 < X > +15; 5-PEG-coated particles with surface charge -15 > X < +15 or non-opsonizing lipid (as described in the reference). Each cited nanoparticle was assigned a number (table below). The size and assigned degree of opsonization (surface category) were plotted for each referenced nanoparticle ( Figure  1 ). The nanoparticles studied in this paper are the last four entries listed at the bottom of the Neither mice treated with anionic (A-MNP) nor cationic mesoscale nanoparticles (CMNPs) exhibited a significant weight change at day 3 or day 7 compared to dye alone-treated mice after 3 days ( Figure S2a ). There was a significant weight increase in mice treated with PBS control at day 7 compared to dye alone. Therefore, any negative effects on mouse weight due to the nanoparticles may also be attributed to the dye, suggesting that MNPs themselves do not induce additional toxicity. The kidneys of mice treated with either MNP formulation showed no histomorphological evidence of damage after 3 or 7 days ( Figure S2b ). Haematoxylin/eosin stained slides were reviewed by a board-certified anatomic pathologist. Neutral PLGA mesoscale nanoparticles (N-MNPs) functionalized with a methoxy PEG surface were synthesized to encapsulate 0.23 µg of DEDC dye per 1 mg of nanoparticle. The diameter of the resulting nanoparticles averaged 328.1 ± 5.3 nm with a ζ potential of 0.38 ± 0.70 mV. In vivo, they showed a similar biodistribution profile to both A-and C-MNPs. N-MNP accumulation in the kidneys was far greater than in other organs ( Figure S4a ). Ex vivo kidney fluorescence was 6.7 times higher than the heart, the second brightest organ ( Figure S4b ). Opsonizing PLGA nanoparticles without PEG (O-MNPs), loaded with IR783 dye, localized in the liver 30 minutes following injection ( Figure S5a ). Four hours following injection, the signal in the liver disappeared, while low-level signal appeared in the intestines, suggesting hepatobiliary clearance of the nanoparticles. This experiment is consistent with studies showing that PLGA nanoparticles without PEG or other "stealth" moieties are endocytosed by liver Kupffer cells shortly after injection. [23] [24] [25] [26] Total fluorescence dissipated by 1 day post-injection and was absent at 3 days ( Figure S5b ). This experiment supports a model in which a non-opsonizing surface is necessary to avoid rapid uptake by the mononuclear phagocyte system (MPS) allowing targeting of non-MPS organs. The difference in nanoparticle fluorescence emission intensity between organs in vivo and ex vivo was assessed. One mouse, treated with 50 mg/kg A-MNPs, was euthanized 2 days following injection. In vivo, prior to euthanization, the fluorescence localization pattern was identical to that shown in similar experiments with the same treatment (Figure 3a, Figure S3b ). After euthanizing and extracting organs, the carcass lacked bright foci, confirming that the fluorescence emanated from the removed organs ( Figure S6a) . Furthermore, the fluorescence in the kidneys ex vivo was brighter than all other organs, as we saw previously (Figure 3b) . Additionally, the ex vivo signal from each kidney was 25-30 times higher than the signal in vivo, but this phenomenon was not seen in the lungs, which was only 2.0-3.5 times higher ex vivo than in vivo ( Figure S6b ). This phenomenon has been noted in the literature.
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Figure S7. A) Representative micrographs of renal immunofluorescence. Images were acquired from mouse tissues at day 3 and day 7 after MNP injection. Blue = DAPI stain for cell nuclei, red = fluorescence from nanoparticles (excluding bright red blood cells which exhibit uniform autofluorescence), and green = either CD31 (left 2 columns) or E-Cadherin staining (center 2 columns). Images from glomeruli are also shown (right 2 columns) with CD31 staining on the left and E-Cadherin staining on the right. Scale bar denotes 10 µm. (Note: The green signal intensities from CD31 and E-Cadherin stains were generated from different exposures and brightness levels, while all blue and green fluorescence signals were generated from identical exposures and brightness levels.) B) Fluorescence quantification in proximal versus distal tubules for each treatment at day 7. H) Fluorescence quantification in the basal portion of tubule epithelial cells versus the apical membrane at day 7 (Mean ± SD). ***: p<0.001; **: p<0.01; *: p<0.05. Immunofluorescence and immunohistochemistry imaging of renal tissues from mice treated with A-or C-MNPs at day 7 revealed a similar basal staining pattern in the proximal tubules as on day 3 ( Figure S7a , b, c, Figure S8 , Figure S9 ). 
Materials and Methods
Nanoparticle Toxicity Study. Mice treated with A-or C-MNPs, dye alone, or PBS were weighed immediately preceding injection on the third day following treatment, and on the seventh day following treatment. The kidneys from mice in each group were sectioned as described in the Materials and Methods section in the main text. Sections were reviewed by a board-certified anatomic pathologist for histomorphological evidence of damage.
Long-Term In Vivo Biodistribution Study. Mice in each group were imaged using an IVIS Spectrum Pre-Clinical In Vivo Imaging System for 7 days as described in the main Materials and Methods. Separately, 3 mice, consisting of a mouse treated with PBS alone, A-MNPs, or CMNPs were imaged every 1-2 weeks for approximately 3 months following injection to measure long-term fluorescence attenuation, which is interpreted to signify MNP degradation.
PLGA-methoxy PEG Nanoparticle Characterization. Neutral PLGA-mPEG mesoscale nanoparticles (N-MNPs) were synthesized and characterized essentially identically to PLGA nanoparticles functionalized with NH2-PEG-COOH, which was described in the main text. Instead of using NH 2 -PEG-COOH to synthesize the nanoparticles, however, NH 2 -PEG-methoxy (MW 5kDa) (Nanocs; New York, NY) was conjugated to carboxylic acid-terminated PLGA. The resulting polymer was characterized by 1 H NMR as previously described. 28 Nanoparticles encapsulating DEDC were formed with this polymer and characterized for size, ζ potential, and encapsulation as described in the main text.
A group of 3 SKH-1 Elite hairless mice were fed 5V75 chow for at least 1 week before the experiment to reduce fluorescent background from alfalfa-containing food. Mice were injected intravenously via the tail vein with 50 mg/kg of N-MNPs encapsulating DEDC for fluorescence localization studies. One control mouse was injected with 125 µL PBS. These mice were imaged 30 minutes, 3 hours, and 1-3 days following injection with an IVIS Spectrum using 640 nm excitation and 680 nm emission filters. Total combined fluorescence efficiency from both kidneys was measured. At day 3, the mice were euthanized and the following organs were recovered, imaged, and weighed: kidneys, heart, lungs, spleen, and liver.
PLGA Nanoparticle Characterization. Opsonizing PLGA mesoscale nanoparticles (O-MNPs) were synthesized similarly to PLGA-PEG and PLGA-mPEG nanoparticles as described in the main text. Nanoparticles were formed by nanoprecipiation with PLGA and IR-783 fluorescent dye (25 mg used). The size, ζ potential, and encapsulation efficiency were measured. It should be noted that IR-783 was used instead of DEDC due to precipitate formation with the latter.
A group of 8 SKH-1 Elite hairless mice fed with 5V75 chow were injected intravenously via the tail vein with 50 mg/kg of O-MNPs encapsulating IR-783 for fluorescence localization studies. Two control mice were injected with 125 µL PBS. These mice were imaged 30 minutes, 4 hours, and 24 hours following injection with the 647 nm excitation and 820 nm emission filters of an IVIS Spectrum. Four treated mice and one control mouse were euthanized after 24 hours. The remaining mice were imaged at 2 and 3 days following injection before sacrificing. Following euthanasia, the kidneys, heart, lungs, spleen, and liver were recovered, imaged, and weighed. Total fluorescence efficiency normalized by weight of each organ was obtained.
Ex Vivo to In Vivo
Comparison. An SKH-1 Elite hairless mouse injected with 50 mg/kg AMNPs was imaged via an IVIS Spectrum using the 650 nm excitation and 680 nm emission filters 2 days following injection. The mouse was euthanized and the kidneys, heart, lungs, spleen, and liver were extracted, leaving other organs intact and in place. The mouse without organs was then imaged as well as the organs alone.
To determine the difference in fluorescence from kidneys ex vivo versus in vivo, regions of interest (ROIs) were drawn around the kidneys and central lung region to obtain TFE for each ROI. After euthanasia and organ imaging, TFE was obtained for both kidneys and lungs. TFE for kidneys ex vivo was divided by that of kidneys in vivo to obtain the in vivo underestimation ratio. The same method was performed for the lungs.
In Vitro Nanoparticle Uptake. The following cell lines were used to determine the uptake of anionic and cationic nanoparticles in vitro: MCF-7 human breast adenocarcinoma (ATCC; Manassas, VA), SK-RC-48 human clear cell renal cell carcinoma (ccRCC) (Weill Cornell Medical College; New York, NY), and bEND.3 mouse brain endothelial cells (ATCC). MCF-7 cells were cultured in Dulbecco's Modified Eagle Medium (DMEM) with penicillin (10,000 U/mL), streptomycin (10,000 U/mL), glutamine (29.2 mg/mL) (Gibco; Carlsbad, CA), 0.01 mg/mL human recombinant insulin (Gibco), and 10% fetal bovine serum (FBS) (Gibco). SK-RC-48 cells were cultured in DMEM with 1X penicillin/streptomycin/glutamine and 10% FBS. bEND.3 cells were cultured in the same media as SK-RC-48 cells plus 1% glutaMAX (Gibco). Cells were passaged approximately weekly and media was changed every 2-3 days. Cells were seeded into a 6-well cell culture dish for uptake studies. Stock suspensions of A-MNPs and C-MNPs in PBS were diluted with cell media to a final concentration of 100 µg/mL and incubated with each cell line for 10 minutes. Cells were washed with 2 x 1mL PBS before adding fresh media. Fluorescent images were captured 10 minutes following washing with the microscope and camera setup described in the main text, using Cy5 filters. Images were obtained with identical exposure times and processed using ImageJ software with identical brightness settings.
